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THE SUPERNOVA OF 1054 - A  DOUBLE STAR? 

(Presented by Academician Ya. B. Zel’dovich, 5 August 1964) 

ABSTRACT 

The long-accepted hypothesis t h a t  the nucleus-of the Crab 
Nebula i s  a remnant of the 1054 supernova i s  subjected t o  
a c r i t i c a l  re-examination i n  the\l ight of recent evidence. 
More par t icular ly ,  Kraft’s data and h i s  subsequent inference 
t h a t  the cent ra l  star of the Crab nebula could be a common 
s t a r  occupying i t s  centermost posit ion by v i r tue  of chance 
a re  challenged on s t a t i s t i c a l  grounds. 
the single-supernova and chance-centralization assumptions, 
the author advances the fresh hypothesis t h a t  the observed 
s t a r  i s  one member of a double system, i t s  partner having 
exploded i n t o  a supernova whose remnant is not  opt ical ly  
observable. Arguments pro and con the hypothesis a r e  pre- 
sented, but it i s  strongly favored by the s t r ik ingly  large 

Then, re ject ing both 

proper motion of the star, among other features  brought 
under discussion. 

During the las t  two decades (or, more precisely,  since the work of Baade 
(ref .  1) and Minkowski (ref. 2 ) ) ,  it has been supposed t h a t  one of the two 
closely associated 15th magnitude stars found i n  the cent ra l  portion of t he  
Crab nebula might be a supernova remnant. This supposition, of course, has 
never been accorded any t r u l y  meaningful substantiation, but was made primarily 
on the evidence of the  cent ra l  location of t h i s  s t a r .  
the  color index of the star i s  equal t o  0.14, corresponding t o  the spec t ra l  
c l a s s  F1. The spec t ra l  energy dis t r ibut ion subsequently found by Minkowski 
indicated a f a i r l y  high spectrophotometric temperature, which provided an extra  
argument i n  favor of the  hypothesis t h a t  t h i s  star was a postsupernova. 
Recently, however, Kraft found H and K l ines  i n  i t s  spectrum, whence he decided 
t h a t  t h i s  was a common F-type star, accidentally projected onto the Crab nebula 
and not genetically re la ted  t o  it ( re f .  3 ) .  
i s  no star br ighter  than 18m i n  the center of the Crab nebula. 

According t o  reference 1, 

According t o  reference 3 ,  there  

Nevertheless, a more careful  analysis of the  problem compels us  t o  doubt 
the  va l id i ty  of t h i s  conclusion. 
subscr’ibe t o  the  chance cent ra l  location of a s t a r  with respect t o  the  Crab 
nebula, 
t h a t  one f inds  the source of continuing ac t iv i ty  and powerful emanations of 
energy, has been ra ther  well  fixed. Based on an analysis  of the well ho? ob- 
servations of Baade (see ref .  4 ) ,  along with unpublished photographs by Munich, 
it may be asser ted t h a t  the saurce of ac t iv i ty  of the Crab nebula is s i tua ted  

I t  i s  scarcely possible, f o r  example, t o  

The physical center of the Crab nebula, where it i s  generally considered 



i n  a region including the cent ra l  s t a r  and having a radius l e s s  than 3".  
ing t o  the  data of s t e l l a r  s t a t i s t i c s ,  on the  other hand, the mean density of 
15th magnitude stars in the  region of the  ga lac t ic  equator is-0.5 s t a r s  per 
square minute. It follows immediately from tbis t h a t  t he  probabili ty of a 15th 
magnitude star f a l l i n g  by chance within a small region 3" i n  radius i s  less than 

low2. I n  addition t o  t h i s ,  the s t a r  i n  which we a re  interested has a spec t ra l  
c l a s s  F. It is  qui te  cer ta in  t h a t  only stars of t h i s  spec t ra l  c lass ,  having a 
photovisual magnitude i n  the v i s ib l e  range of 15.5 ( ref .  l), can be found a t  
distances equal t o  t h a t  of the Crab nebula (1.4 kiloparsecs).  I t  i s  important 
here t o  a l l o w  f o r  i n t e r s t e l l a r  l i g h t  absorption, amounting t o  --Im. 

Accord- 

In  a p r io r i  probabili ty t h a t  a type F s t a r  w i l l  be located by chance in  
the  v ic in i ty  of t he  physical center of the  Crab nebula i s  slmost 
no choice but t o  make the basic assumption t h a t  the F s t a r  and Crab nebula a re  
genetically related.  

We have 

On the other hand, the  t r i v i a l  nature of t h i s  s t a r  r e j e c t s  the hypothesis 
t ha t  it is  a postsupernova. It  seems reasonable i n  t h i s  s i tua t ion  t o  hypo- 
thesize tha t  the observed s t a r  i s  one component of a double system, the second 
component having exploded i n t o  a supernova and a t  present not op t ica l ly  obser- 
vable. There ex is t s  one conclusive f a c t  c lear ly  supporting our hypothesis. 
Even Baade (ref .  1) was intrigued by the r e l a t ive ly  large proper motion of the 
s t a r  which had previously been regarded as a postsupernova. 
t o  Duncan (ref . 5 ) ,  the proper motion of t h i s  star i s  pa = -O1l.019, P6&'!O0O, as 
opposed t o  another near s t a r  i n  the cent ra l  region of the Crab nebula, f o r  which 
E/-,= O".OOO, p a  = 011.002. 
a r e  i n  good agreement with Duncan's r e su l t s ,  giving f o r  the  star i n  question 
Pa=-O1'.018, p6 = 311.002 ( ref .  6). Deych and Chudovicheva recently repeated 

the measurements, u s h g  a new epoch, and confirmed t h i s  resu l t .  The probable 
e r ror  of the above measurements d i d  not exceed +Olr.003. 
t o  reference 1, on the  basis  of the observations of van Maanen and Baade P a  = 
-0".010, i.e., j u s t  about half  the previously c i ted  values. This r e su l t ,  
however, disagrees with the  three independent measurements described above and 
car r ies  very l i t t l e  weight. 
e n t i r e  system of filaments comprising the Crab nebular, according t o  reference 
5, i s  close i n  magnitude and has the same sign:pa = 011.022*011.007. 
i s  not supported, incidentally,  by the  recent measurements of Deych and 
Chudovicheva. 

In  fac t ,  according 

The old Pulkovo measurements of Deych and Lavdovskiy 

We note tha t ,  according 

I t  i s  in te res t ing  t h a t  the  proper motion of the 

This r e s u l t  

I f  the  distance t o  an F-type star is  equal t o  the  distance of the Crab 
nebula, then the tangential  component of i t s  peculiar velocity i s  about 
130 km/sec, which i s  f i v e  or  s i x  times greater  than the  velocity dispersion f o r  
type F s ta rs ,  
same way that  Blaauw recently explained the nature of the rapidly moving 0-type 
s t a r s  ( re f .  7). 
with the concomitant e ject ion of most of i t s  material  mass a t  enormous ve loc i t ies ,  
the second component w i l l  move with an almost constant o r b i t a l  velocity, 
example, we assume tha t  the i n i t i a l  masses of both components were ident ica l  and 
each equal t o  1.3 Mo, it follows from the s t ipu la t ion  t h a t  the angular velocity 
was equal t o  the observed s p a t i a l  velocity of the unexploded component (-150 km/sec, 

Such a high peculiar velocity can a l so  be explained i n  much the 

Namely, a f t e r  the explosion of one coaponent of a double system, 

I f ,  f o r  



allowing f o r  t he  a s  yet  unknown rad ia l  velocity), t h a t  the distance between 

components pr ior  t o  explosion was -4-1011 em, or -6 R 

o r b i t  i s  c i rcu lar ) .  
invariably move together with the unexploded s t a r ,  i t s  o rb i t  suffer ing con- 
siderable a l ternat ions (becoming, f o r  instance, acutely e l l i p t i c a l ) .  

(on the premise that the 
0 

The remnant of t he  s t a r  a f t e r  the explosion w i l l  almost 

We a r e  d i s t inc t ly  aware of the d i f f i cu l t i e s  t ha t  our hypothesis w i l l  en- 
counter. The main ones a re  a s  follows: a )  The mass of the gases expelled 
by the explosion should be close t o  tha t  of the sun, whereas the  exis t ing e s t i -  
mates f o r  the mass of the gaseous s h e l l  of the Crab nebula yield a value one 
order of magnitude smaller (see, e.g., ref. 8); b)  the law of conservation of 
momentum demands t h a t  the  velocity of the center of gravity of the gaseous s h e l l  
expelled by explosion oppose the velocity of the s t a r ,  which i s  possibly i n  
conf l ic t  with existing obervations (see above) . 

The first d i f f i cu l ty  can be removed by assuming t h a t  the greater  mass of 
filaments comprising the  Crab nebula consists of neut ra l  gas. 
t h i s  assumption is  favored by the presence of the l i n e  A6300 (01) i n  the 
spectrum of the Crab nebula. 
of several  means, which we w i l l  not discuss here, eEpecially since the  proper 
motion of the Crab nebula s t i l l  remains an unresolved problem. 

We note t h a t  

The second d i f f i cu l ty  may be circumvented by any 

The assumption t h a t  t he  1054 supernova was an intimate double system paves 
the way t o  new interpretat ions of the phenomena occurring i n  the Crab nebula. 
I f ,  i n  par t icular ,  we regard accretion of gases by the contracting star a s  the 
cause of the continuing ac t iv i ty  of the nucleus and the  Crab nebula ( ref .  9 > ,  
then the observed-60-day per iodici ty  of the metamorphoses i n  the  cent ra l  
portion of the Crab nebula ( ref .  4 )  can be a t t r ibu ted  t o  the motion of the 
explosion remnant, or collapsing s t a r ,  i n  a very elongated e l l i p s e  about the 
observed F star. The period of revolution is-60 days, the stars coming i n t o  
very close proximity a t  the periastron. 
pulsion from t h e  F s t a r  of powerful streams of gases, which impinge on the  
collapsing star. 
r e l a t ive ly  quiet  period l a s t ing  two months. 

This close approach can r e su l t  i n  ex- 

This expulsion process takes several  hours, followed by a 

It is  not overlooked t h a t  the e f f ec t  of duali ty,  or mult ipl ic i ty  i n  general, 
i s  a fundamental property of a l l  exploding s t e l l a r  objects. 
par t icu lar  f o r  supergiants. Conceivably, the 13-year period of the osc i l la t ions  
i n  luminosity of 3C-273, a s  well  a s  the notable 3- t o  5-year period of the  
luminosity osc i l la t ions  of 3C-48 a re  caused by periodic variations i n  accretion 
or motion of condensing objects i n  eccentric orbi ts .  
point t o  r e c a l l  t h a t  the common nova a re  closely associated double systems (ref .  

This i s  t rue  i n  

It i s  a l so  relevant a t  t h i s  

11). 

In order f o r  the hypothesis of duali ty of the nucleus of t he  Crab nebula 
t o  be ver i f ied,  extended and careful  spectrophotometric, as  well  a s  e lectro-  
photometric, observations a re  f i r s t  of a l l  needed with respect t o  the  s t a r  a t  
the center of the nebula. Such observations, f o r  example, could provide evidence 
of spec t ra l  dual i ty ,  the  presence of f l a r e s  repeated every-60 days, and cer ta in  
other possible s ingular i t ies ,  
P. K. Sht e r n b e r g  State Astronomical Institute Received 30 July 1964 
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